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Abstract 
Conceptual modelling supports developers and users of information systems in areas of 
documentation, analysis or system redesign. The ongoing interest in the modelling of business 
processes has led to a variety of different grammars, raising the question of the quality of these 
grammars for modelling. An established way of evaluating the quality of a modelling grammar is by 
means of an ontological analysis, which can determine the extent to which grammars contain 
construct deficit, overload, excess or redundancy. While several studies have shown the relevance of 
most of these criteria, predictions about construct redundancy have yielded inconsistent results in the 
past, with some studies suggesting that redundancy may even be beneficial for modelling in practice. 
In this paper we seek to contribute to clarifying the concept of construct redundancy by introducing a 
revision to the ontological analysis method. Based on the concept of inheritance we propose an 
approach that distinguishes between specialized and distinct construct redundancy. We demonstrate 
the potential explanatory power of the revised method by reviewing and clarifying previous results 
found in the literature. 
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1. Introduction 
When implementing information systems to support business processes, developers and users apply 
conceptual modelling grammars that capture explicitly the activities, events and control flow logic that 
constitute a business process. This is because the visualization of business processes through 
conceptual models provides several benefits for systems analysis and design, including illustrative 
documentation, highlighting of potential process weaknesses, or identification of improvement 
opportunities through technological or organizational solutions (Kock et al., 2009).  
To evaluate the quality of a conceptual modelling grammar, an ontology-based theory of 
representation (Wand & Weber, 1990; 1993) has emerged as a theory that builds upon the premise that 
“an information system is an artefactual representation of a real-world system as perceived by 
someone, built to perform information processing functions” (Wand & Weber, 1990 p 62). Modelling 
grammars that are used in the process of analysing or designing information systems must be capable 
of completely and clearly depicting information about the structure and behaviour of real world 
systems. This theory has over the years received much attention, in terms of empirical work carried 
out on basis of the theory (e.g., Bowen et al., 2006; Shanks et al., 2008; Recker et al., 2011) as well as 
in terms of critique examining the postulates of the theory (e.g., Wyssusek, 2006; Allen & March, 
2012). The ongoing interest in Wand and Weber’s (1990; 1993) theory, in turn, justifies its selection 
as the theoretical base for the work presented in this paper. 
Wand and Weber’s (1990; 1993) theory builds on so-called ontological analyses (Rosemann et al., 
2009) to make predictions regarding the capabilities of a modelling grammar to provide complete and 
clear descriptions of the domain being modelled. A lack of completeness or clarity is presumed to 
impede the use of a grammar. Several empirical tests have shown that most predictions based on 
ontological analysis of modelling artefacts are capable of explaining consequences such as model-
based errors (Bowen et al., 2006), model understanding (Shanks et al., 2008), modelling grammar 
choices (Green et al., 2011) or modelling behaviours (Recker et al., 2011). 
While these studies show that most propositions derived from the ontological analysis are found to be 
supported, this has not yet been conclusively demonstrated for one of the types of ontological clarity – 
construct redundancy. Construct redundancy describes how the clarity of a grammar is being 
undermined through the provision of modelling constructs that seemingly offer similar domain 
semantics. Several studies have examined construct redundancy empirically (e.g., Green & Rosemann, 
2001; Recker et al., 2010); yet, these results have been noticeably inconsistent. Indeed, some scholars 
have argued that construct redundancy appears not to be a deficiency per se but may actually be 
beneficial for process modelling under certain conditions (Green & Rosemann, 2001).  
In light of the inconsistent results and varying arguments, in this paper we set out to revisit the notion 
of construct redundancy and its application in ontological analysis of modelling grammars. 
Specifically, our aim is to improve the explanatory power of Wand and Weber’s theory to provide an 
understanding of whether, how and why available process modelling grammars are indeed, or only 
seemingly, redundant. Our work is based on the assumption that the inconsistent results in the 
literature may have been caused by shortcomings in the applied procedure for identifying construct 
redundancy in an ontological analysis. We thus revisit the procedure of identifying construct 
redundancy on basis of an ontological model, and demonstrate how a more detailed, revised procedure 
is capable of disentangling the inconsistencies in the literature. 
We proceed as follows. First, we review existing literature on ontological analysis of modelling 
grammars, followed by an overview on empirical insights on construct redundancy specifically. We 
then propose a new approach to distinguish between specialization and distinct redundancy, on the 
basis of the concept of inheritance. We then revisit the reported findings to demonstrate how the 
revised method provides increased explanatory power. We conclude the paper with a discussion of 
implications and limitations. 
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2. Background  
2.1 Ontological Clarity of Process Modelling Grammars 
The type of grammar used for conceptual modelling defines the language and its grammatical rules 
that can be used to articulate and communicate a real world domain (Parsons, 2011). There is a need, 
consequently, to understand the modelling capabilities and deficiencies of a modelling grammar, and 
the implications these limits have on the actual usage of the grammar (Recker et al., 2011). 
Wand and Weber’s (1993) theory of representation purports to account for variations in the ability of 
conceptual modellers to develop models of real-world phenomena that are ontologically complete and 
clear. To do so, it builds upon ontology as a well-established domain within philosophy that addresses 
questions regarding which entities exist and how they can be grouped, related to each other, and 
subdivided according to similarities and differences (Bunge, 1977). 
The ontological model of an information system developed by Wand and Weber (1990) can thus be 
used to examine the mapping representations in a conceptual model (such as a process model) and the 
real world domain it intends to represent. Wand and Weber (1993) argue that, for a grammar to be 
ontologically expressive, the mappings between constructs in a modelling grammar to constructs in the 
ontological model should be isomorphic. Based on this argument, the theory identifies four types of 
ontological deficiencies of a modelling grammar (Wand & Weber, 1993): 
1. Construct deficit: An ontological construct exists that has no mapping from any modelling 
construct (a 1:0 mapping). 
2. Construct redundancy: Two or more modelling constructs map to a single ontological 
construct (a 1:m mapping). 
3. Construct overload: A single modelling construct maps to two or more ontological constructs 
(a m:1 mapping). 
4. Construct excess: A modelling construct does not map onto any ontological construct (a 0:1 
mapping). 
Wand and Weber (1993) structure these deficiencies using two basic criteria, viz., ontological 
completeness and ontological clarity. Hence, a good modelling grammar should be ontologically 
complete (viz., exhibit minimal construct deficit) as well as ontologically clear (viz., exhibit minimal 
construct overload, redundancy, and excess) to allow users to unambiguously describe all required 
real-world phenomena in a selected business domain the information system is intended to support. 
2.2 Applications of the Theory 
A wide range of modelling grammars focusing on different modelling purposes have been investigated 
using the Bunge-Wand-Weber model so far, including data modelling, object-oriented modelling, use 
case modelling or indeed process modelling. Green et al. (2011) provide an overview. The findings 
from these ontological analyses of a modelling grammar can then be applied to derive predictions 
about the ability of modellers to use these grammars to produce complete and clear models of real 
world domains. In a variety of studies these predictions were tested empirically confirming the 
relevance and validity of the underlying theory (e.g., Bodart et al., 2001; Burton-Jones & Meso, 2006; 
Shanks et al., 2008; Parsons, 2011; Recker et al., 2011). In the following we focus on analyses of 
process modelling grammars and reveal which deficiency types of the BWW model were found to 
have empirical support in studies of modelling practices.  
Recker et al. (2009) provide a comparative evaluation of leading process modelling grammars in a 
review of ontological analyses provided in the literature. Notably, their study shows that construct 
redundancy was evident in almost every grammar analysed in prior work. Apart from EPCs, in each 
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grammar several redundant constructs were found. The highest degrees of redundancy across all 
grammars were identified in the ontological cluster Events and Transformations occurring on Things. 
While the BWW model comprises eleven ontological constructs in this cluster, process modelling 
grammars tended to provide an increasing amount of grammar constructs over time. Earlier developed 
modelling grammars such as Petri net and EPC consist of a small set of constructs for modelling 
events and transformations. More recent grammars such as EbXML and BPMN by contrast provide 
extensive sets of constructs representing events and transformations. For instance, BPMN provides 
nine constructs mapping to the BWW construct Event. 
The impact of construct redundancy on actual process modelling practice has also been studied in the 
literature. Green and Rosemann (2001) performed an ontological analysis of the EPC grammar and 
derived several propositions referring to construct deficit and construct redundancy which were then 
empirically tested. Whereas most propositions with respect to construct deficit were apparently 
supported, this did not hold for construct redundancy: ”Surprisingly, all three multi-view respondents 
saw the function view as far from useless. [...] One possible explanation for the contrary response 
received here could be that the user of ARIS appreciates redundancy as a mechanism to handle 
complexity in modelling” (Green & Rosemann, 2001 p 36). 
Recker et al. (2010) performed a qualitative study of the predictions derived from an ontological 
analysis of the BPMN modelling grammar. While most of their nine propositions were found to be 
apparently supported, this again did not hold for construct redundancy: “Contrary to our expectations, 
our results indicate that over 94 percent of participants [...] indicated their ability to directly model 
transformations with no confusion. [...] We found that 74 percent of the interviewees [...] stated that 
they did not experience any limitations in using BPMN for the modelling of events” (Recker et al., 
2010 p 511). 
Recker et al. (2011) then conducted a quantitative study in which they surveyed 528 users about the 
use of the BPMN modelling grammar and the existence, perception and behavioural consequences of 
ontological deficits of the grammar. They examined construct redundancy as related to the modelling 
of events, transformations and real-world objects; finding that modeller’s perceived ease of using the 
BPMN grammar was negatively affected by perceived construct redundancy for events and real-world 
objects, but not for transformations. A post-hoc analysis then showed that while overall perceived 
construct redundancy decreased perceived ease of use of the grammar, this overall trend fluctuated 
when varying how many instances of construct redundancy were encountered by users (Recker et al., 
2011 p 72). These findings, in our interpretation, suggest that conclusions about construct redundancy 
are not as firm as those drawn about construct deficit, overload or excess, with some studies (Green & 
Rosemann, 2001) arguing for positive consequences stemming from redundancy, some observing a 
lack of negative consequences (Recker et al., 2010) and others noting some but not consistent negative 
consequences (Recker et al., 2011). 
We offer two conclusions from this review. First, the amount of analytical and empirical studies has 
shown that ontological analyses are able to make largely valid predictions about the use of modelling 
grammars in practice. The literature to date shows particular support for propositions derived from 
construct deficit, excess and overload (e.g., Shanks et al., 2008; Parsons, 2011; Recker et al., 2011). 
Still, the ontological deficiencies caused by construct redundancy have not yet been conclusively 
demonstrated or observed in modelling practice. In fact, some of the findings reported would rather 
suggest that grammar users appreciate apparent redundancy as a helpful feature for depicting complex 
business operations (e.g., Green & Rosemann, 2001). Although the unexpected findings indicate at 
least partial mismatch between theory and practice, this has not led to further studies examining its 
cause and potential implications, which lends justification and motivation for the present study. 
Second, we also note how construct redundancy has increased in process modelling grammar over 
time. Recker et al. (2009) suggest that this increasing amount of redundant constructs in more recent 
modelling grammars is a reaction to the increasing number of purposes of process modelling. This 
interpretation of an apparent trend of grammar extension rather than deletion of seemingly redundant 
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constructs was also supported by an interview with developers of the BPMN grammar specification 
(Recker et al., 2007). Again, this observation indicates a need for further research into the true nature, 
and implications, of construct redundancy to process modelling practice. 
Our proposal is now to revert to the theoretical base on which the predications are being made, i.e., 
Wand and Weber’s (1990; 1993) theory of ontological clarity and the associated process of ontological 
analysis. 
3. A Revised Approach for Identifying Construct Redundancy 
3.1 Preliminaries 
There are several potential ways to extend or revise Wand and Weber’s model. An extension, for 
example, could be developed according to the specialization of the properties construct of the BWW 
model which consists of types like in general, in particular, emergent, or intrinsic. However, such an 
approach would entail the risk of violating the sound philosophical nature of the underlying theory. 
The expressiveness of construct redundancy as an indicator for potential confusion in the application 
of a grammar would thus be decreased if various extensions were added. Furthermore, the degree of 
construct deficit of grammars that do not provide these extensions would increase considerably while 
empirical studies (Recker et al., 2010; 2011) have not provided any indicator for the existence of a 
corresponding actual or perceived deficiency in this regard. The trend of adding further constructs to 
modelling grammars is, in addition, not conceivable and a foundational theory on event and 
transformation types in business processes is also missing. A holistic set of specialized constructs 
would remain rather sketchy and become obsolete within a short period of time considering the trend 
of grammar extension as described in advance. 
Therefore, we propose to revise the identification method of redundant constructs rather than 
extending the set of BWW constructs. In doing so, we build upon the concept of inheritance as 
originated from systems theory (von Bertalanffy, 1968) and as prominent in modelling approaches 
such as object-oriented modelling with UML (Dennis et al., 2002) or data modelling with the 
Enhanced Entity-Relationship (EER) Model (Elmasri & Navathe, 2011). Inheritance generally 
describes situations where elements of interest can inherit attributes, behaviours or other properties 
from other, pre-existing elements or classes of elements, often called base classes, parent elements, 
supertypes or similar. 
Ontological analyses rely on ontological models such as that of Bunge (1977) as a higher-level grand 
theory (Bacharach, 1989). We suggest to revise ontological analyses by drawing on principles from a 
complementary grand theory, general systems theory (von Bertalanffy, 1968), which, similarly to 
ontological models, describes real world systems as coherent  sets of entities and the relations between 
them as well as those to other systems in the environment. We argue the relevance of general systems 
theory as it underpins all conceptual modelling approaches (Alter, 2001). For instance, data modelling 
on basis of the entity-relationship diagrams is a most prominent modelling approach (Fettke, 2009), 
which applies the concepts of general system theory to facilitate abstractions of the real world for 
information systems, typically for the purpose of specifying databases. 
Several general systems principles implemented in data models have been examined, also through the 
lens of ontological analysis, e.g., part-whole relationships (Shanks et al., 2008), or optional properties 
(Bodart et al., 2001). Yet, one element key to conceptual modelling on basis of general systems theory 
principles, inheritance, is not covered by Wand and Weber’s (1990) ontological model. However, 
inheritance as known from system theory is a common concept of abstraction with regard to systems 
of entities and is present, for instance, in data models as extended entity-relationship (EER) diagrams.  
The EER model extends the original Entity-Relationship (ER) Model by Chen (1976), amongst others, 
with the concepts of subclass and superclass. Referring to database systems, a subclass describes a 
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subgrouping of an entity type while the entity type itself represents the superclass for each of these 
subclasses. For instance, the classes car, truck, and carriage are subclasses of the superclass vehicle. 
This implies that every member of these subclasses is also a vehicle. 
The process of defining a set of subclasses is called Specialization. Based on the superclass the 
subclasses can be distinguished by specific characteristics. For example, the subclass car differs from 
other vehicle entities with regard to the attribute driving power. Furthermore, subclasses may comprise 
specific attributes that apply only to this subclass such as number of draft animals of carriage. 
Generalization describes the reverse process. That is, to identify the common attributes of several 
entity types and condense them into a single, generalized superclass. 
For our approach we also apply the disjointness constraint and the completeness constraint as part of 
the specialization/generalization concept. The disjointness constraint defines that the specialized 
subclasses must be disjoint. That is, an entity can be a member of not more than one subclass of a 
specialization. On the contrary, specializations with entities that may be a member of more than one 
subclass are specified as overlapping.  
The completeness (or totalness) constraint determines whether an entity of a superclass also must be 
an entity of at least one of the specialized subclasses. For instance, if a vehicle must be either a car or a 
carriage then the specialization is total. In case a vehicle entity must not be a member of any of the 
subclasses then the specialization is partial.  
In terms of process modelling grammars we found constructs that are designed in an analogue manner. 
For instance, the BPMN construct Event represents the superclass of the subclasses Message Event or 
Timer Event. While sharing common attributes such as Event Type, the subclasses are characterized by 
distinct properties like Message or LinkID (BPMI.org & OMG, 2006, pp. 36 ff.). Considering the 
implementation of inheritance in common process modelling grammars such as BPMN and others, we 
suggest applying the concept of inheritance to the redundancy identification procedure. This way, we 
will be able to differentiate between actual redundancy on the one hand and specialization on the other 
hand. Accordingly, the following approach distinguishes between two types of redundancy, viz., 
Distinct Construct Redundancy and Specialized Construct Redundancy. 
3.2 Definitions 
Distinct Construct Redundancy occurs if two pair-wise distinct grammar constructs map to a single 
ontological construct while both grammar constructs must not be associated via a 
generalization/specialization relationship. 
We illustrate the concept of distinct construct redundancy in the left-hand side of Figure 1Error! 
Reference source not found.. In this case, the ontological construct O maps to both grammar 
constructs X and Y while the latter are not associated with each other. We assert that this type of 
construct redundancy will cause confusion about the real-world meaning in the application of the 
particular constructs. This is because distinctively redundant grammar constructs can equally be used 
to represent the same real-world object(s). This choice between semantically equal constructs is 
assumed to hamper the process of modelling as it is not intuitively clear which construct would fit 
better. Inconsistent diagrams may stem from this confusion which in turn may impede model 
interpretation tasks. 
Specialized Construct Redundancy occurs if two grammar constructs map to a single ontological 
construct, while the grammar constructs have common and distinctive attributes and build upon each 
other. 
The right-hand side of Figure 1Error! Reference source not found. illustrates the concept of 
specialized construct redundancy using the EER notation. In this case the ontological construct O 
maps to three grammar constructs, viz., A, Aa, and Ab. The sub-constructs Aa and Ab are 
specializations of the super-construct A. The relationship is defined as disjoint (d) and partial (p). That 
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is, the respective real-world thing could be a member of either Aa or Ab (disjoint) or neither (partial). 
In contrast to distinct redundancy, we assert that specialized redundancy will not cause confusion 
about the real-world meaning in the application of respective constructs, but instead will facilitate 
more precise modelling. This is because specialized redundant constructs cannot be used to represent 
the same real-world object(s). Users can rather choose from a set of explicitly distinguishable 
grammar constructs to depict distinctive real-world objects. Thus, the choice between specialized 
constructs is assumed to enhance the capabilities of a grammar to model clear representations of the 
real world, and their use will in turn assist model interpretation tasks. 
 
Figure 1: Illustrations of distinct (left) and specialized (right) construct redundancy 
3.3 Application 
In the following we outline how the revised procedure can be applied to obtain analysis results that 
reflect complex real-world phenomena in a better way compared to the previous procedure. Therefore, 
we revisit the industry standard process modelling grammar BPMN in its version 1.0 (BPMI.org & 
OMG, 2006) as previously examined in an ontological analysis by Recker et al. (2009). 
Focusing on identified situations of construct redundancy for the purpose of this paper, Recker et al. 
(2009) found that the BWW construct Thing can be represented by either the Pool or the Lane 
construct. Considering our definition of distinct construct redundancy, both constructs are pair-wise 
distinct. Albeit a Lane is defined as sub-partition within a Pool, both constructs are not associated via a 
generalization/specialization relationship. This representation redundancy can be denoted as distinct 
redundancy. This also holds for the Attributes of Pools and Lanes as both constructs map to the BWW 
construct properties in general.  
With each of both constructs real-world things like process objects, actors or participating entities can 
be represented. This situation potentially implies difficulties in distinguishing between the Pool and 
Lane construct when depicting real-world things in process models. In (Recker et al., 2010) this 
specific case was investigated empirically. The interviewees mentioned that organizational modelling 
conventions and tool assistance are required to simplify the usage of these BPMN constructs. 
Furthermore, Recker et al. (2009) found that the BWW construct Event can be represented by nine 
grammar constructs in BPMN: Start Event, Intermediate Event, End Event, Message, Timer, Error, 
Cancel, Compensation, and Terminate. Applying our definition of specialized construct redundancy, 
these constructs represent distinctive specialized subclasses of the super-class Event.. Hence, this 
redundancy can be denoted as specialized redundancy. This also holds for the subsets of events 
mapping to the BWW constructs external event, internal event, well-defined event, and poorly-defined 
event.  
While each event type can be applied for depicting an event that affects the flow of a process, they are 
not redundant with respect to their real-world meaning. As such they facilitate a more precise 
modelling of complex process scenarios. This interpretation also applies to the empirical study carried 
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out by Recker et al. (2010). Their proposition assuming that BPMN users would have difficulties in 
the articulation of process events had no apparent support. The interviewees rather mentioned the 
comprehensive set of event types to be beneficial for representing different events occurring in real-
world business processes. 
Recker et al. (2009) also found that the transformation construct maps to the BPMN constructs 
Activity, Task, Transaction, Collapsed Sub-Process, Expanded Sub-Process, and Nested Sub-Process. 
The grammar specification defines an Activity as a generic term for work performed by a company 
including different types of atomic or compounded activities, such as Process, Sub-Process, and Task 
(BPMI.org & OMG, 2006 p 16).  Whereas a Task represents an atomic activity that is included within 
a Process, a Sub-Process is a compound activity that can further be characterized as collapsed or 
expanded as well as nested or referenced .(BPMI.org & OMG, 2006 p 19). A transaction is a certain 
type of a Sub-Process which ensures that this activity can only be conducted completely or has to be 
cancelled otherwise (BPMI.org & OMG, 2006 p 24). According to the generalization/specialization 
relationship of these constructs based on the generic grammar construct Activity, this redundancy can 
be denoted as specialized construct redundancy. 
Each activity type can be applied to illustrate work in different granularities performed in a process. 
As such they are not redundant with respect to their real-world meaning and rather facilitate a more 
precise modelling of complex process scenarios. In (Recker et al., 2010), the authors also investigated 
user perceptions regarding ontological constructs representing transformations between states assumed 
by things. In contrast to the assumption that BPMN users will have difficulties in the articulation of 
transformations, over 94 percent of the participants mentioned not to experience such confusion. We 
believe this level of proposition disconfirmation suggests that the interviewees may indeed be able to 
distinguish between different types of transformations, which would explain why they did not perceive 
any redundancy as predicted in the original ontological analysis. This, in turn, would suggest that a 
revised, more specialized set of types of ontological transformation constructs is better suited to 
explaining observable behaviours in modelling practice. 
4. Discussion 
4.1 Construct Redundancy in Process Modelling Grammars 
We revisited the way construct redundancy can be identified in ontological analyses of modelling 
grammars, with the view to increase the explanatory power of the theory. Our suggested 
differentiation between pair wise distinct grammar constructs and those that are associated via a 
generalization/specialization relationship facilitates a revised ontological analysis of modelling 
grammars that we believe may be more aligned with deficiencies actually encountered in practice. 
While distinct construct redundancy potentially causes confusion to the user, specialized construct 
redundancy instead is assumed to indicate maturity and focus of a modelling grammar with respect to 
a certain scope of application. At this, the approach of revising the mapping procedure rather than 
enhancing the ontological model provides a methodology that is more robust against changes in 
modelling grammars. 
For instance, our approach theoretically also allows for additional perspectives in gauging the quality 
(e.g., in terms of completeness or clarity) of a process modelling grammar. In turn, novel propositions 
can be developed based on the theoretical work, which can guide further empirical testing and 
exploration of modelling practice. Table 1 shows the results from applying our revised procedure to 
previous analyses of process modelling grammars. For the sake of brevity, we focus on ontological 
constructs with at least one redundant grammar construct. The original values of construct redundancy 
can directly be compared with the values of distinct redundancy (marked with +) and specialized 
redundancy (marked with *) for each ontological construct. 
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Language 
Version 
Year 
Relevant Literature 
BWW Construct 
Petri net EPC ebXML BPML WSCI WS-BPEL BPMN 
  1.01 1.0 1.0 1.1 1.0 
1962 1992 2001 2002 2002 2003 2004 
(Recker & 
Indulska, 
2007) 
(Green & 
Rosemann, 
2001) 
(Green et 
al., 2005) 
(Green et al., 2007) (Recker et 
al., 2009) 
THING 1      2 2+ 0* 
CLASS 1  3 0+ 3* 1 1 1 2 2+ 0* 
STATE 3  3+ 0* 1 5 0+ 5* 1 1 1  
STABLE STATE  1 4 0+ 4*     
UNSTABLE STATE 3  3+ 0*  1     
EVENT 1 1 3 0+ 3* 3 3+ 0* 6 0+ 6* 4 0+ 4* 9 0+ 9* 
LAWFUL EVENT 
SPACE 
  3 0+ 3*     
EXTERNAL EVENT  1 3 0+ 3* 2 2+ 0* 3 0+ 3* 1 8 0+ 8* 
INTERNAL EVENT 1 1 3 0+ 3* 1 3 0+ 3* 3 0+ 3* 8 0+ 8* 
WELL-DEFINED 
EVENT 
1 1 1 2 2+ 0* 2 0+ 3* 1 2 0+ 2* 
POORLY DEFINED 
EVENT 
  2 0+ 2* 1 1 1 7 0+ 7* 
TRANSFORMATION 1 1 1 10 2+ 8* 8 5+ 3* 10 5+ 5* 6 0+ 6* 
LAWFUL 
TRANSFORMATION 
1 1 1 4 0+ 4* 4 0+ 4* 3 0+ 3* 7 0+ 7* 
COUPLING   2 0+ 2*  1 1 1 
SYSTEM   2 0+ 2*  1 1 2 2+ 0* 
SYSTEM 
COMPOSITION 
    1 1 2 2+ 0* 
SYSTEM 
ENVIRONMENT 
      2 2+ 0* 
SUBSYSTEM   1    2 2+ 0* 
SYSTEM 
DECOMPOSITION 
      2 2+ 0* 
LEVEL 
STRUCTURE 
 1     2 2+ 0* 
Degree of Redundancy 28.6 % 0.0 % 15.7 % 30.4 % 30.6 % 31.9 % 51.3 % 
Degree of Distinct 
Redundancy 
28.6 % 0.0 % 0.0 % 6.52 % 8.16 % 8.51 % 2.56 % 
Degree of Specialized 
Redundancy 
0.0 % 0.0 % 15.7 % 21.74 % 20.41 % 19.15 % 48.72 % 
Table 1. Summary of revisited ontological analysis of selected process modelling grammars 
4.2 The Consequences of Construct Redundancy in Process Modelling  
While our revised approach may be improved in terms of identifying construct redundancy in process 
modelling grammar, the inconsistent findings to date also challenges the notion that construct validity 
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is a valid indicator for the potential decreased usability of a process modelling grammar. 
In our work to date, we have not yet examined this issue in more detail. However, other research in 
process modelling has firmly established that the performance of a modelling grammar is dependent 
on how it is used – both in terms of the purposes of creating a model as well as the purposes of 
applying the model (Gemino & Wand, 2004; Burton-Jones et al., 2009). Prior research has further 
established that the use of process modelling grammars varies depending on experience, familiarity 
and role of the analyst working with the grammar (Recker, 2010). Therefore, it is likely that modelling 
purposes and individual differences not only determine how an individual analyst uses a process 
modelling grammar, but also whether and/or how ontological deficiencies in modelling grammars are 
identified and/or dealt with. Recker and Rosemann (2010), for instance, showed that the more 
experienced grammar users were, the more instances of construct redundancies (and other ontological 
deficiencies) they noted as significant. 
We thus posit that identified instances of construct redundancies should be examined carefully through 
empirical research strategies. This work should be conducted with the view to extending the original 
theory of representation with important individual differences and task factors that explain when, 
whether and how deficiencies are (a) identified perceived as such (Recker et al., 2011), and (b) what 
strategies are employed to deal with the deficiency. Some exploratory work (e.g., Recker et al., 2010; 
Green et al., 2011) exists to that end, but more theorizing and appropriate empirical work remains to 
be carried out. Such work may also consider further factors such as communication ability or 
consensus building between model creator and model user. 
5. Conclusions 
Our work primarily addresses criticisms that have been levelled at ontological foundations of 
conceptual modelling (e.g., Wyssusek, 2006; Allen & March, 2012), specifically those related to the 
use of Wand and Weber’s (1993) representation model and the perceived lack of relevance (Rosemann 
et al., 2004). 
The revised procedure developed in this paper suggests a number of implications for related work in 
this area. First, Rosemann et al. (2004) suggested that several ontological constructs may require 
specialization for different types of modelling domains, e.g., events, transformations or states. Our 
work suggested that revised procedures for mapping ontological constructs to conceptual modelling 
grammar constructs can identify ways in which the relevance of the representation model to different 
conceptual modelling domains can be increased. Second, our work effectively revises existing 
propositions about construct redundancy in process modelling grammars. The results in Table 1 show 
how propositions derived from the original ontological analyses are altered on basis of the revised 
procedure. An opportunity thus exists to review the existing theoretical and empirical literature in 
more depth to increase the explanatory power of the studies and to reconcile some of the noted 
inconsistencies. Third, our work is a further step forward towards a better understanding of the 
ontological principle of construct redundancy and how it relates to modelling practice. Our work 
suggests a set of revised propositions that now require further empirical testing and exploration. 
In terms of implications to modelling practice, our work primarily relates to the establishment and use 
of modelling conventions (e.g., Mendling et al., 2010). Specifically, our work suggests that the 
inclusion of carefully selected modelling elements can increase the clarity of models being produced 
in such initiatives, which can lead to increased project efficiency and overall value. 
Furthermore, the intended practical purpose of conceptual modelling has been expanded over time 
from communication support towards more advanced applications, such as software design or 
enterprise systems configuration, which possibly has induced a perceived need to extend grammars 
with new constructs (Recker et al., 2009). One consequence of grammar extensions is a likely increase 
in potential construct redundancy. Our work helps to understand the nature of redundancy, which then 
can lead to a more specific application of grammar extensions.  
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A key limitation of our research to date is the lack of empirical evaluation. By incorporating the 
concept of specialization into ontological analyses, we extended the application of the Bunge-Wand-
Weber model with regard to the understanding of different types of ontological deficiencies of 
modelling grammars. Although a preliminary analysis was conducted to examine previous reported 
findings in light of the new, extended model we realize that our proposed extensions require further 
examination through empirical studies with different modelling grammars to strengthen the validity of 
our model. 
Also, other evaluation frameworks including different ontological models could have been used to 
analyze modelling grammars leading to different propositions and findings with regard to strengths 
and weaknesses of grammars like BPMN. However, the actual subject of this study was not to 
compare different evaluation frameworks. The BWW model and its procedure of analysis was selected 
in this study, based on the large number of previous applications of this theory for such purposes and 
the ample amount of related empirical results (Shanks & Weber, 2012). 
In future work, we will design an experiment to examine whether models provide appropriate domain 
knowledge to end users under three different conditions: first, with no construct redundancy present; 
second, with construct redundancy present as per original definition; and third, with different types of 
construct redundancy present as per our revised analysis. This examination will allow us to test the 
utility of our extended model and also to test implications of construct redundancy on model 
understanding in general. 
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